Recently, we have simulated changes in serum [Na"] and in the transcellular distribution of fluid both during the hemodialysis session and in the interdialytic interval (1-6). The combined application of our models serves to quantitatively analyze the overall sodium and water balance in hemodialyzed patients.
Sodium and water balance during the dialysis session
First we consider sodium and water balance during the hemodialysis session. Figure 1A shows the changes in serum [Na'] induced by hemodialysis (plotted on the y-axis) as a function of the difference between the dialysis solution [Na"] and the predialysis serum [Na"[, labeled AD Na +, plotted on the x-axis. There is a direct linear relationship between the change in serum [Na"] after dialysis and AD Na +. It is important to note that the x-intercept of this graph is not zero. The dialysis solution [Na"] must exceed the predialysis serum [Na+] for the dialysis solution and serum to be in diffusional equilibrium (1) . The reasons for the non-zero x-intercept are Gibbs-Donnan forces and the exclusion volume of plasma proteins. The Gibbs-Donnan ratio (R D) represents the influence of the negative charge of plasma proteins on sodium (and other ion) distribution between serum and the dialysis solution. One can compute the required correction factor for the exclusion volume of plasma proteins (Fw), and then correct the predialysis serum [Na+] for both Gibbs-Donnan and protein exclusion by multiplying the raw serum [Na"] level by the term (RD/F w -1). The correction increases the serum [Na"[, usually by about 4 mEq/L, hence the non-zero x-intercept of Figure 1A If the dialysis solution [Na"] exceeds the corrected predialysis serum [Na"[, then the serum [Na'] will increase during the dialysis session; conversely, if the dialysis solution [Na+] is less than the corrected predialysis serum [Na+], serum [Na'] will decrease during dialysis treatment (1, 3) as depicted in Table  1 . As a corollary to the above, when the dialysis solution [Na'] is ::; 144 mEq/L, postdialysis serum [Na'] should not have increased to more than 140 mEq/L. Apart from changes in serum [Na"], changes in intracellular fluid volume (ICF) and extracellular fluid volume (ECF) during dialysis are also important. Whenever serum [Na"] is changed acutely, as during hemodialysis, the osmotic balance across cell membranes is altered promoting a transcellular shift of fluid (8) . Figure 1B illustrates the change in ICF induced by hemodialysis (AICF) plotted against AD Na +, the previously defined gradient between the dialysis solution [Na"] and the uncorrected serum [Na+] (1, 3) . The gradient AD Na +, is inversely correlated with AICF. The x-axis intercept of Figure 1B is the same as in Figure 1A , and represents the situation At the y-intercepts of these graphs are the increase in serum [Na'] ( Fig. 2A ), or the magnitude of the transcellular fluid shift between the intracellular and extracellular compartments (Figs. 2B and 2C), when total sodium intake has been accomplished without Sodium and water intake during the interdialytic interval must also be taken into account. We have where the dialysis solution [Na"] is equal to the corrected predialysis serum [Na"[, Whenever the dialysis solution [Na+] is less than the corrected predialysis serum [Na'] value (we shall call this "low sodium hemodialysis"), fluid will shift intracellularly, raising the ICF. On the other hand, whenever the dialysis solution [Na'] exceeds the corrected predialysis serum [Na"] value (we shall call this "high sodium hemodialysis"), fluid will shift out of cells, and the ICF will fall.
The change in ECF,~ECF, is equal to the difference between the ultrafiltrate volume and~ICF. Thus, in "high sodium hemodialysis", ECF will decrease by an amount less than the ultrafiltrate volume, while in "low sodium hemodialysis", ECF will decrease by more than the ultrafiltrate volume (see Tab. 1). The hemodynamically important change in plasma volume is proportional to the change in the ECF (2, 8) .
Body sodium content (Q Na +) can be estimated as the product of ECF and serum [Na+] (1, 3, 5) . Figure  1C depicts the change in body sodium content (~QNa+) as a function of~DNa+' which we previously defined as the gradient between dialysis solution [Na"] and the uncorrected predialysis serum [Na"]. There is a direct positive linear correlation, although this will vary with the amount of ultrafiltration. When the ultrafiltration rate (QF) is equal to zero,~QNa + is all due to diffusion, and the x-intercept in Figure 1C is the same as in Figures 1A and 1B . In "low sodium hemodialysis", sodium is removed by diffusion as well as by ultrafiltration; in "high sodium hemodialysis", sodium is added by diffusion and removed by ultrafiltration.
Changes in serum [Na"[, ICF and the diffusional component of~QNa+ are related not only to~DNa+' the gradient between the dialysis solution [Na"] and the uncorrected predialysis serum [Na"[, but also to other factors (1, 3) , the most important being the product of Na" dialysance and the length of the hemodialysis session. The dialysance of Na" will be increased at a high blood flow rate and with use of a high efficiency dialyzer. Thus, the graphs in Figures  1A, 1B , and 1C cannot be used to predict the actual change in serum [Na'] that will occur as a result of dialysis in a given clinical situation.
Sodium and water balance during the interdialytic interval ... .... .... (15) . Also, with "low sodium hemodialysis", the postdialysis hyponatremia minimized thirst and interdialytic fluid ingestion.
Low sodium versus high sodium hemodialysis: historical perspectives and recommendations
water intake. Under this hypothetical condition, serum [Na"] is increased during the interdialytic interval, and fluid shifts out of cells resulting in a decrease in ICF and an increase in ECF. At the higher level of sodium intake, the increase in serum [Na"[ and the transcellular fluid shift are both larger. As water is ingested along with sodium, with an increase in l!..BW, the increase in serum [Na"] becomes smaller and, at higher levels of water intake, l!.. serum [Na+] can even become negative, resulting in a decrease in serum [Na"] during the interdialytic interval. The ingested water is distributed to the intracellular and the extracellular compartments, causing the volumes of both compartments to rise.
The changes in serum [Na'] and transcellular fluid distribution during the interdialytic interval are, of course, determined by both sodium and water intake (Tab. 2). Our analysis has shown that, if the ratio of sodium intake (in mEq) to the increase in body fluid (in L) is equal to postdialytic serum [Na"] (in mEq/L), there should be no changes in serum [Na"] or ICF during the interdialytic interval, and ECF should increase by an amount equal to the body weight gain. If sodium intake is greater than water intake, then serum [Na'] should rise during the interdialytic interval, and a shift of fluid out of cells should occur. On the other hand, if sodium intake is smaller than water intake, then the serum [Na"] should fall, and fluid ingested during the interdialytic interval will be distributed to both the intracellular and extracellular compartments. In steady state, serum [Na'] and ICF changes during the interdialytic interval should be of the same magnitudes, but in opposite directions, as those during the hemodialysis session.
Although the benefits of relatively high dialysis solution [Na"] have been known for some 20 years (10-14), "high sodium hemodialysis" has not been used widely in clinical practice. In the not too distant past, Na" dialysance and Kuf (water permeability) of dialyzer membranes were limited, and it was difficult to remove excessive sodium and water accumulated in the body by hemodialysis; as a result, hypertension and pulmonary edema were not uncommon in dialysis patients. "Low sodium hemodialysis" was popular Recently, however, with increasingly efficient dialysis performed with improved dialyzer membranes, "low sodium hemodialysis" has been seen to have a number of disadvantages (15) (16) (17) (18) (19) (20) . Diffusive removal of excess body sodium is no longer important, as improved ultrafiltration capacity means excess water and sodium can be eliminated as required by ultrafiltration. As a result, postdialysis body fluid volume is normalized more easily than before. The dialysance of sodium with modern membranes is quite large so serum [Na"] falls rapidly during "low sodium hemodialysis". The absolute amount of sodium in the body, which is the product of ECF and serum [Na"], can then become depleted (9) , and the resulting hyponatremia can cause a shift of fluid from the extracellular to the intracellular compartment, rapidly reducing the plasma volume and impeding safe fluid removal.
I believe that, with the relatively high-performance dialyzer membranes available today, there is reason to rethink the previous strategy of using "low sodium hemodialysis". The choice of a dialysis solution [Na'] concentration should be based on pathophysiological considerations (21) (22) (23) (24) (25) , which favor use of a dialysis solution [Na"] of approximately 145 mEq/L, close to the usual corrected predialysis serum [Na'] level.
